Abstract: The present study, consisted of two separate surveys, was initiated to clarify the development of clinical pictures of silicosis after termination of dust exposure. The first survey was a 40-year follow-up of radiographic pictures of the chest among 200 male whetstone cutters (Group I workers). The second survey was conducted in 75 male recipients (Group II workers) of disability compensation for silicosis due to whetstone dust exposure. The study on Group I workers made it clear that the proportion of those free of radiographic findings in the chest pictures decreased during a 40-year follow-up period from 84% in the 1st health examination in 1952-6 to 36% in the 3rd examination in 1995. The rate of progression of the disease from Category 1 to 3 (after ILO-guided classification) to higher categories in a 15-year period was as high as >50%. Longer service duration and higher category of chest radiography at the previous health examination were the influential factors in determining the rapid progression of silicosis. The latter observation was confirmed also through a similar analysis on Group II workers. Whetstone preparations contained SiO 2 by about 50%. No industrial hygiene data were available for both groups of stone cutters, but the exposure of Group I workers was estimated to be about 1 mg/m 3 , or well in excess of the current occupational exposure limit.
Introduction
Silicosis is one of the most historical occupational diseases 1) . Although the morbidity as well as mortality due to pneumoconiosis as a whole have been decreasing in recent years [2] [3] [4] , silicosis is not a disease of long-gone days 5, 6) . The list of new jobs associated with silica exposure is still growing, such as gem stone processing 7) , slate working 8) , pit digging 9) , diatomaceous earth mining 10) and concrete drilling as well as concrete wall grinding 11) . Accordingly, more than 1000 cases are newly identified for compensation of workers' disability every year in Japan, although the rate of workers with pathological findings in chest radiography has been steadily decreasing in recent years 12) . It was proposed that reduction of silica in workroom air to 0.1 mg Si/m 3 may not be sufficient to protect workers from radiological changes of silicosis 13, 14) . Silicosis is indeed a disease that causes substantial loss of both life and work of the victim involved 15) . Thus, extensive reviews are available on silicosis and related diseases 16, 17) . Diagnostic application of modern techniques such as computerized tomography 18) is also well documented in addition to traditional chest X-ray examination and lung function tests 19, 20) . With some exceptions [21] [22] [23] , most of the epidemiological studies reported in literature are on cross-sectional findings among miners or other groups of workers exposed to silicacontaining dust, despite the fact that silicosis is a very chronic disease requesting decades of years to develop in full, and reports on long-time follow-up of patients are relatively scarce.
In the present study, two groups (200 men and 75 men, respectively) of whetstone cutters were followed up for 40 and 15 years respectively, to investigate the clinical history of silicosis after termination of exposure to silica-containing dust. A preliminary report of the study has been published recently 24) . 
Materials and Methods
Population studied, and data collection Two groups of whetstone cutters were studied. In early 1950s, whetstone cutters in a village in the vicinity of Kyoto City were advised to have health examination for silicosis. The whetstone cutters were traditionally engaged in mining and further processing (e.g., shaping and polishing) as well as transportation and trading of whetstone. The whetstone had been used for semi-final or final treatment in sharpening of e.g. carpenter tool, shavers and cooking knives. Almost all of the male workers (200 subjects; Group I workers) in the village (with about 350 households) responded positively to the proposal of the 1st health examination, which was conducted in 1952 to 1956. The arithmetic mean age of the examinees (± arithmetic standard deviation) at the time of the 1st examination was 33.5 ± 11.7 years with the minimum and the maximum of 16 and 67 years, respectively.
The 2nd and the 3rd health examinations were conducted in 1980 and 1995, with 125 and 70 examinees, respectively. It should be noted that 57 and 39 subjects died during the period of the 1st and the 2nd examinations, and the period of the 2nd and the 3rd examinations, respectively. In other words, more than 50% (108 subjects) of the study population deceased in the 40-year period (Table 1) . In cases the subjects deceased, copies of the death certificates were obtained with the consent of families and upon permission of judicial authorities.
The mining and succeeding processing activities were essentially terminated shortly after the 1st health examination. Regrettably, no data were available on the air-borne concentration of dust to which the subjects were exposed when the workshops were active.
The second group of whetstone workers consisted of 75 men (Group II workers), who lived in a community in Kyoto City (thus, separately from Group I) and underwent both of the 1st health examination in 1980 and the 2nd examination in 1995; they were recipients of disability compensation. Workers who failed to have any one of the two examinations were excluded from the statistical analysis. The mean age (± standard deviation) of the workers thus selected at the time of the 1st examination was 55.2 ± 10.7 years, with the minimum and the maximum age of 37 and 75 years, respectively. The whetstone they mined and processed were for final treatment in sharpening of, e.g., cooking knives. Almost all subjects had retired from whetstone work soon after the time of the 1st examination, and no data were available on dust concentrations in the work environments.
X-ray diffractometry (kindly conducted by Dr. N. Kohyama, National Institute of Industrial Health, Japan) of whetstone preparations produced by Group I workers showed that the SiO 2 content was as high as about 50%. Analysis of the whetstone preparations produced by Group II workers for SiO 2 contents also gave essentially the same result.
Categorization of radiological findings in chest X-ray films
Films of the standard size were employed for direct radiography throughout the study of both groups of workers. In 1980 and 1995 studies, cases were classified into Categories 0 to 3 after ILO Guideline for classification of radiographs of pneumoconiosis (International Labour Office 1980). When necessary, cases with large opacities as classified in Categories A, B and C 19) were combined and expressed as Category 4 cases, according to Pneumoconiosis Law, Japan 25) . In the 1952-6 study, cases were classified into Grades 0 to 3 after the regulation of the time in Japan, and are considered in the present study to be equivalent to Categories 0 to 3 in ILO classification.
In 1980 examination, three nationally certified physicians separately read chest radiographic films for categorization. The categorization of the films was decided by consensus; the decision was made after discussion among the physicians for a consensus in case any disagreements happened. The performance was such that agreements at the first stage of film reading were obtained in 92%, 62%, 80%, 79% and 100% of Categories 0, 1, 2, 3, and 4 cases, respectively. Cardio-pulmonary functions were not taken into consideration in the categorization. No analysis was intended on pulmonary hypertension 26) , systemic sclerosis such as scleroderma 27) , or possible involvement of the kidney 28, 29) .
Statistical analysis
Stat-View Version 5 was employed for chi-squares test (with p<0.05 for significant difference in distribution of cases) and multiple regression analysis (by step-up procedures).
Results

Distribution of silicosis cases in categories, and shift in classification category during the follow-up course
The results of radiographic categorization of Group I workers at the three health examinations are summarized in Table 1 . Perusal of the data in terms of distribution among the three data sets suggested that there occurred a gradual shift toward higher (i.e., more advanced) categories during the 40-year follow up period. For example, Category 0 cases were a leading majority (84%) at the 1st examination, whereas such cases accounted for 36% at the 3 rd examination. In contrast, the rate for those in Categories 3 and 4 increased more than 10 times during the same period from 2.5% to 28.5%.
It was considered possible 30, 31) that the longer duration of service would affect the severity of radiographic findings. To examine this possibility, the cases were classified by duration of service in 10-year term and then by radiographic category. For this analysis, the findings at the 2nd examination were employed because the classification was more reliable in the 2nd examination than in the 1st examination (for details, see the Materials and Methods section), and more cases were available in the 2nd examination than in the 3rd examination. The results of analysis ( Table 2 ) clearly demonstrated that more cases were classified in Category 4 among those with longer service duration (i.e., 30 to 40 years of service) than others of shorted service. In contrast, most cases (i.e., 85%) were in Category 0 (i.e., with no silicotic changes) among those with less than 10 years of service. The proportion decreased with longer duration of service, and it was in fact 0% among those who served 40 years or more.
To investigate if the dust exposure in the past was more intensive than the recent exposure, 44 Group I workers with 20 to 29 year service history were classified depending on 
Total 44 (29) 41 (22) 23 (14) 10 (2) the time of the initiation of the service, i.e., before 1940 or after the year, and possible difference in distribution pattern among the four silicosis categories were examined. As shown in Table 3 , the comparison as a whole failed to show any significant difference in the distribution. Nevertheless, the proportion of those with no silicotic changes (i.e., in Category 0) was 13% in the former and 35% in the latter, the difference being of borderline significance (0.10<p<0.15 by chi-square test) to suggest that the exposure might be more severe before or during the World War II period.
Rate of cases with progression, and effects of silicosis category on the progression
Group I workers consisted of 200 cutters at the time of the 1st examination, and 68 subjects among them were followed for 40 years till the 3rd examination; 2 cases among the 70 subjects did not have the 2nd examination although they had the 3rd examination. Comparison of the subjects at the three examinations on an individual basis disclosed that only 64 and 4 subjects in Category 0 and 1, respectively, at the 1st examination could survive the 40-year period but others deceased; there were no survivors in Category 2 and above. In addition, 2 subjects (1 each in Category 0 and 1, respectively) were in Category 4 at the 2nd examination or already at the most advanced stage of the disease. Accordingly, the shifts in silicosis categories of the 66 subjects (63 in Category 0 and 3 in Category 1 at the 1st examination) were analyzed as shown in Table 4 . In the table, the cases with progression were defined as those who showed a shift toward a higher silicosis category at the next examination (e.g., Category 0 in the 1st examination and Category 1 in the 2nd examination, or Category 0 both in the 1st and 2nd examinations but Category 1 in the 3rd examination). The rate of cases with progression was thus calculated as the rate (%) in the number of cases with progression over that of total cases.
The analysis showed that, of the 63 subjects who were in Category 0 at the 1st examination, the progression rate at the 2nd and the 3rd examination was 56% {=[(63-28)/63] × 100} and 60% {=[(63-25)/63] × 100}, where 63 was the total number, whereas 28 and 25 were the numbers of those who stayed in Category 0 at the 2nd and the 3rd examination, respectively. Among the 3 cases which were in Category 1 in the 1st examination, 1 case remained in the same category whereas 2 others showed progression at the 2nd examination (giving the progression rate of 67%). The latter 2 cases showed further progression to Category 3 and 4 (4A) at the The difference in distribution is not statistically significant (p>0.1) by chi-square test. 3rd examination to give the rate of 100%, whereas the former 1 case stayed in the same category of 1. The latter observation appears to suggest that the progression would be more pronounced for those in the advanced stage of the disease.
To clarify this point, the results at the 2nd examination were compared with that at the 3rd examination in Table 5 . It was clear from the bottom line of the table that there was a gradual increase in the progression rate as a function of progression in categories at the 2nd examination. Chi-square test showed that both the increases in the rate from Category 0 to Category 1 and that from Category 1 to Category 2 were statistically significant; lack of further increase in case of Category 3 as compared with the case of Category 2 may be due to the small number of cases available.
For re-confirmation of the observation, a similar analysis was conducted with 75 workers in Group II ( Table 6 ). As this group consisted of the disability compensation recipients, no Category 0 cases were available. Reproducing the observation given in Table 5 , the progression rate for Category 2 at the 2nd examination was significantly (p<0.01) higher than that for Category 1 and that the rate for Category 3 did not differ (p>0.10) from that for Category 2. Recalculation of Group I data, excluding Category 0 cases for a closer comparison with Group II data, showed that the over-all progression rate was essentially the same (i.e., 55% in Tables  5 and 6 ) in both groups.
Multiple regression analysis
Multiple regression analysis by step-up procedures was conducted taking the radiographic category at the 1st examination as a dependent variable, and age, service duration and the year when the service was initiated as independent variables. The analysis showed that both age (with partial correlation coefficient of 0.354) and service duration (0.302) showed positive and service initiation (-0.445) showed negative correlation. The former two findings were in agreement with the observation given in Table 4 , whereas the last finding was expectable. The total correlation coefficient however was small (0.445) although significant (P<0.01), suggesting that the three variables in combination could explain less than 20% of the variation in the radiographic findings. It is conceivable that dust concentrations in the workplaces would play a major role.
Discussion
The present epidemiological study on 200 male whetstone cutters (Group I) made it clear that the proportion of those in Category 0 in ILO classification of pneumoconiosis 19) , or free of radiographic findings in chest films, decreased Table 4 . from more than 80% in the 1st health examination conducted in 1952-6 to less than 40% in the 3rd examination in 1995 (Table 1) . During this some 40-year period of follow-up, more than a half of the workers deceased due to diseases including 29 cases of silicosis (including 9 cases of silicotuberculosis), and 6 cases of lung cancer (all confirmed by death certificates). Both duration of service and category of chest radiography at the time of the preceding health examination are among the influential factors in determining the progression of the disease (Tables 4 and 5 ), the former being in confirmation with the observation by Hnizdo and Sluis-Cremer 30) and the latter with that by Lee et al. 23) . The latter observation was reproduced through a similar analysis of the other group of 75 whetstone cutters (Group II workers; Table 6 ). Lee et al. 23) also observed in 260 granite dust workers that the extent of radiographic opacities in the initial examination is predicative of a significant risk of the progression of the disease later in life.
The prevalence of silicosis among workers depends by nature on diagnostic criteria. For example, Hnizdo and SluisCremer 31) proposed to take 0/1 or very minute silicotic changes in radiographic diagnosis of silicosis based on their observation in an autopsy study, whereas Steen et al. 22) and Trapido et al. 32) took 1/0 for calculation of silicosis prevalence. Taking the latter scale for evaluation, the silicosis prevalence among Group I workers was 17% in 1952-6 (with a mode of service history of 10 years or so) or 65% in 1980 (mode, 20 to 30 years) ( Tables 1 and 2 ). The prevalence rates appear to be similar to or even higher than the rates reported for gold miners (i.e., 9.3 to 12.8% by Murray et al. 21) , 22 to 36% by Trapido et al. 32) , and 27 to 31% by Steen et al. 22) ). The prevalence of 'progressive fibrosis' (6.8% by Steen et al. 22) ) or Category 4 cases in the present study (6 and 14% at the 2nd and the 3rd examination, respectively; Table 1 ) is also similar. Because the participation of Group I workers in the health examinations were on a voluntary basis and not all workers were involved although a majority joined in the 1st study, it is quite possible that those with self-judgment of more extensive exposure and therefore higher risk were more willing to be examined, which might induce a selection bias in the examination. Nevertheless, the high SiO 2 content (ca. 50%) in the whetstone material may also a contributing factor for high silicosis prevalence, as was the case of gold mining (60 to 90% by Hnizdo and Sluis-Cremer 31) ). Progression in the radiograms was observed in 33% of workers in 15 years between the 2nd and the 3 rd health examination; the rate was as high as 60% among those who were in Category 3 in the 2nd examination and then Category 4 in the 3rd examination. Recently, Kimura et al. 33) reported an even higher rate (56%) of progression in 10 to 13 years after retirement. Namely, among a group of 103 subjects who were in Category 2 when they retired from coal mining (77% of the subjects), metal mining (20%) or other dust work (3%), 2 and 56 cases were found in Category 3 and 4, respectively, when re-examined 10 to 13 years later.
From the data on dose [respirable dust concentration (containing silica by 60 to 90%) in mg/m 3 × exposure duration in years] and effect (cumulative risk of silicosis) presented by Hnizdo and Sluis-Cremer 31) , it is possible to make rough estimation of the average dust concentrations for Group I workers. With an assumption that silicosis prevalence was 42 and 65% after 15 and 25 years of service respectively (as averages for 10 to <20, and 20 to <30 years, respectively), the dose-effect curve established by Hnizdo and SluisCremer 31) for dust with 60-90% silica (or 75% on an average) gives about 10.6 and 13.2 mg dust, or 7.95 and 9.90 mg silica/m 3 × years, as the doses. Divided by 15 or 25 years of service duration, the estimated silica concentration will be 0.53 or 0.40 mg silica/m 3 , which is equivalent to about 0.9 mg dust/m 3 , assuming that silica component in the respirable dust was the same with that in the whetstone material, i.e., about 50%. Although such is a very rough estimate, it is apparent that the exposure was most probably quite in excess of the current occupational exposure limit in Japan 34) of 0.24 mg/m 3 for respirable dust containing SiO 2 by ca. 50%. Although details are not shown in this report, 9 and 6 cases of death due to silico-tuberculosis and lung cancer, respectively, were identified through death certificate during this survey period. In addition, one case of silico-tuberculosis death after termination of this follow-up period was identified. The statistical evaluation of the mortality is currently in progress in this study group, the results of which will be presented in a separate paper.
